Introduction {#S0001}
============

Thyroid cancer is a common endocrine malignancy with an increasing morbidity and young trend in recent years.[@CIT0001] Thyroid cancer can be divided into four types, including papillary, follicular, medullary and anaplastic tumor. Papillary thyroid cancer (PTC) is the major histological subtype of thyroid cancer, which accounts for 80--90% of all thyroid carcinoma.[@CIT0002] While most of the patients with PTC have an excellent therapeutic response and long-term survival,[@CIT0003] some patients, especially in older patients, are associated with lymph node metastasis, which results in an increased risk of locoregional recurrence and poor prognosis.[@CIT0004] Moreover, because of no obvious clinical symptoms, PTC is difficult to diagnose at early stage,[@CIT0005] and surgical management remains controversial.[@CIT0006] Therefore, it is necessary to find novel biomarkers and therapeutic targets for PTC early diagnosis and treatment.

MicroRNAs (miRNAs) are a class of endogenous, approximately 22nt in length and single-strand RNAs, which play important roles in regulating the target mRNAs via cleavage or translational repression.[@CIT0007] They negatively regulate gene expression by pairing the 3ʹUTR site of target mRNA. MiRNAs have been reported to be involved in cellular processes, such as inflammation, cell differentiation, cell-cycle regulation, apoptosis, migration and metastasis.[@CIT0008] In various human cancers, miRNAs control the expression of mRNAs to regulate tumor growth, invasion, angiogenesis and immune evasion.[@CIT0009] It is reported that miRNAs were involved in every stage of PTC, including tumor diagnosis, prognosis, treatment and surveillance.[@CIT0010] According to the small RNA deep-sequencing data, miR-873-5p expression in PTC is downregulated in tumors compared to normal samples.[@CIT0011] However, the roles of miR-873-5p in PTC and the underlying molecular mechanisms remain unknown.

In the present study, we confirmed the down-regulation of miR-873-5p in PTC. We also explored the regulatory roles of miR-873-5p in PTC cells in vitro. Furthermore, the target gene and the underlying molecular mechanisms of miR-873-5p in PTC were investigated. This study would provide a new target for PTC treatment.

Materials and Methods {#S0002}
=====================

Clinical Tissue Samples {#S0002-S2001}
-----------------------

A total of 30 pairs of PTC tissues and the adjacent normal tissues (at least 2cm from the PTC tumor tissues) were obtained from Zhongshan Hospital. The mean age of the patients was 45.83±12.71, and male/female was 9/21. All tissue samples were maintained at −80°C until further use. The Ethics Committee of Zhongshan Hospital approved this study protocol (Approval NO. 20170523), and written informed consent was obtained from all participants in accordance with the Declaration of Helsinki.

Cell Culture {#S0002-S2002}
------------

Human PTC cell lines KTC-1, TPC-1, BCPAP, K1, BHP10-3 and normal thyroid epithelial cell line Nthy-ori3-1, which were purchased from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China), were cultured in DMEM supplemented with 10% fetal bovine serum (FBS), 100 U/mL of penicillin and 100 μg/mL of streptomycin (All purchased from Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). All cells were incubated in an incubator at 37°C with 5% CO~2~.

Prediction of Target Genes and Dual-Luciferase Reporter Assay {#S0002-S2003}
-------------------------------------------------------------

Targetscan ([<http://www.targetscan.org/vert_72/>]{.ul}) was used to identify the target genes of miR-873-5p. The wild-type 3ʹUTR fragment of CXCL16 cDNA and mutant CXCL16 3ʹUTR were amplified and inserted into pmirGLO vector (Promega, Madison, WI, USA). HEK 293T cells were incubated in 24-well plates and co-transfected with pmirGLO-CXCL16-WT or pmirGLO-CXCL16-mutant together with miR-873-5p mimics or miR-NC mimics, which was performed by using Lipofectamine 2000 (Invitrogen, Thermo Fisher Scientific, Inc.). Forty-eight hours later, the relative luciferase activity was measured by Dual-Luciferase^®^ Reporter Assay System (Promega, Madison, WI, USA) according to the manufacturer's instructions. The results were quantified by normalizing the firefly activity to Renilla activity.

Transfection {#S0002-S2004}
------------

For the investigation of miR-873-5p on the behaviors of PTC cells, miR-873-5p mimics and corresponding negative control (miR-NC mimics) were synthesized by GenePharma (Shanghai, China). For the overexpression of CXCL16, CXCL16 cDNA was cloned into pcDNA3.1 vector (Thermo Fisher Scientific, Inc.). TPC-1 and K1 cells were seeded into 6-well plates 1 day before transfection and were divided into four groups, including control, miR-NC mimics, miR-873-5p mimics and miR-873-5p mimics + pcDNA3.1-CXCL16 groups. The transfection was carried out by using Lipofectamine 2000 (Invitrogen, Thermo Fisher Scientific, Inc.). At 6 h post-transfection, culture media were replaced with complete medium and cells were continued to incubate for another 48 h.

RNA Isolation and RT-qPCR {#S0002-S2005}
-------------------------

Total RNA from tissues and cells was extracted by using TRIzol reagent (Invitrogen, Thermo Fisher Scientific, Inc.). To detect miR-873-5p expression, reverse transcription and qPCR were performed by using TransScript Green miRNA Two-step qRT-PCR SuperMix (TransGen, Beijing, China). For mRNA expression, RNA was reverse transcribed into cDNA using TransScript First-Strand cDNA Synthesis superMix (TransGen) and qPCR was conducted by TransStart Green qPCR SuperMix (TransGen). The qPCR reaction was composed of 94°C for 30 s, followed by 40 cycles of 94°C for 5 s and 60°C for 30 s on ABI Prism 7700 (Applied Biosystems, Foster City, CA, USA). The miR-873-5p expression was normalized to U6 and other mRNA expression was normalized to GAPDH. The fold change was calculated using the 2^--ΔΔCt^ method.[@CIT0012] The sequences of the primers were miR-873-5p, forward 5ʹ-GCAGGAACUUGUGAGUCUCCU-3ʹ and reverse 5ʹ-AGGAGACUCACAAGUUCCUGC-3ʹ; U6, forward 5ʹ-GCTTCGGCAGCACATATACTAAAAT-3ʹ and reverse 5ʹ-CGCTTCACGAATTTGCGTGTCAT-3ʹ; CXCL16, forward 5ʹ-ACTCAGCCAGGCAATGGCAAC-3ʹ and reverse 5ʹ-GGTATTAGAGTCAGGTGCCAC-3ʹ; GAPDH, forward 5ʹ-CTGGTCACCAGGGCTGCTTTT-3ʹ and reverse 5ʹ-CATGAGGTCCACCACCCTGTT-3ʹ.

Western Blot {#S0002-S2006}
------------

Total protein was extracted by ProteoPrep Total Extraction Sample Kit (Sigma-Aldrich, St Louis, MO, USA) and the concentration was quantified using BCA Protein Assay Kit (Thermo Fisher Scientific, Inc.). Then, the protein was separated by 10% SDS-PAGE and transferred onto PVDF membranes (Bio-Rad, Hercules, CA, USA). The membranes were blocked with TBST containing 5% non-fat milk, followed by incubated with primary antibodies overnight at 4°C and secondary antibody for 1 h at room temperature. Primary antibodies were as follows: anti-CXCL16 ab101404, 1:2000; anti-p65 ab16502, 1:2000; p-p65 antibody ab86299, 1:2000; anti-Rel-B ab154957, 1:5000; p-Rel-B antibody ab47366, 1:1000; anti-MMP1 ab38929, 1:5000; anti-MMP9 ab38898, 1:1000; anti-MMP13 ab39012, 1:6000; anti-GAPDH ab9485, 1:2500, and secondary antibody was Goat Anti-Rabbit IgG H&L (HRP) ab6721, 1:3000 (Abcam, Cambridge, MA, USA). GAPDH was used as an internal control. Visualization of chemo-luminescent signals was performed by BeyoECL Plus Kit (Beyotime, Shanghai, China). The intensity of each band was analyzed using Gel Pro Analyzer Software 4.0 (Media Cybernetics, Inc., Rockville, MD, USA).

Cell Proliferation Analysis {#S0002-S2007}
---------------------------

Cell Counting Kit-8 (CCK8; Solarbio, Beijing, China) assay was conducted to assess cell proliferation. Transfected TPC-1 and K-1 cells were seeded into 96-well plates at the density of 1×10^4^ cells/well. After incubation for 0, 12, 24 and 48 h, respectively, 10 μL CCK-8 solution was added. Another incubation for 2 h, the value of optical density was recorded at 450 nm using a microplate reader (Multiscan FC, Thermo Fisher Scientific, Inc.).

Wound Healing Assay {#S0002-S2008}
-------------------

Wound healing assay was performed to measure the capability of cell migration. Confluent transfected TPC-1 and K-1 monolayer cells were wounded using a 10 μL sterile pipette tip in 6-well plates. After washing with PBS, the cells were incubated for 24 h. Cell images were obtained with an inverted microscope (Olympus, Tokyo, Japan) and the distance between the wound sides was quantified.

Transwell Assay {#S0002-S2009}
---------------

For the cell invasion assay, 1×10^5^ TPC-1 and K-1 cells suspended in 200 μL serum-free medium were plated in the upper chambers with Matrigel-coated membranes (24-well, 8μm pore size, BD, Franklin Lakes, NJ, USA). The lower chambers were filled with DMEM containing 10% FBS. After 24 h of incubation, non-invaded cells were removed by sterile swabs and invaded cells were fixed with 4% paraformaldehyde for 10 min and stained with 0.1% crystal violet for 15 min. The stained cells were imaged under a microscope (Olympus Corp, Tokyo, Japan), and were counted in five random visual fields.

Statistical Analysis {#S0002-S2010}
--------------------

The study results were analyzed by GraphPad Prism 6.00 (GraphPad Software, San Diego, CA, USA). Data were presented as mean ± standard error of estimate (SEM) of at least three independent experiments. Paired Student's test was used for comparisons of two groups and One-way ANOVA followed by Newman‑Keuls post hoc analysis was used for comparisons of multiple groups. Differences were considered statistically significant when P\<0.05.

Results {#S0003}
=======

miR-873-5p Is Expressed at Low Expression Levels in PTC Tissues and Cell Lines {#S0003-S2001}
------------------------------------------------------------------------------

First, we performed the bioinformatic analysis by searching for miR-873-5p expression data in the public database. [Figure 1A](#F0001){ref-type="fig"} shows the expression of miR-873-5p in 33 different types of cancers, and it has been observed that miR-873-5p was significantly down-regulated in PTC tumor tissue (THCA) compared with the normal tissue. To determine the expression of miR-873-5p in PTC, RT-qPCR was performed to measure its expression in 30 pairs of PTC tissues and the adjacent normal tissues. As illustrated in [Figure 1B](#F0001){ref-type="fig"}, miR-873-5p expression was lower in tumor tissues than that in adjacent non-tumor tissues (P\<0.01). In addition, the expression of miR-873-5p was also downregulated in PTC cell lines, including KTC-1, TPC-1, BHP10-3, K1 and BCPAP, compared with normal thyroid epithelial Nthy-ori3-1 cells (P\<0.01; [Figure 1C](#F0001){ref-type="fig"}).Figure 1The expression of miR-873-5p was decreased in PTC tissues and cell lines. (**A**) Expression of miR-873-5p in 33 different types of cancers by bioinformatic analysis. (**B**) miR-873-5p expression in PTC tissues and adjacent normal tissues (n=30) was detected by RT-qPCR. (**C**) Expression of miR-873-5p in five PTC cell lines (KTC-1, TPC-1, BHP10-3, K1 and BCPAP) and normal thyroid epithelial cell line Nthy-ori3-1. Data are represented as mean ± SEM. \*\*P\<0.01.

CXCL16 Is a Target of miR-873-5p {#S0003-S2002}
--------------------------------

To investigate the target gene of miR-873-5p, we searched TargetScan online tool and CXCL16 was chosen as a target for further study ([Figure 2A](#F0002){ref-type="fig"}). Moreover, the results of the bioinformatic analysis also suggest the potential function of miR-873-5p in  regulation of  CXCL16 ([Figure 2B](#F0002){ref-type="fig"}). Then, dual-luciferase reporter assay was performed to confirm the targeted relationship. By co-transfection of pmirGLO-CXCL16-WT or pmirGLO-CXCL16-mutant together with miR-873-5p mimics or miR-NC mimics, the relative luciferase activity was measured. miR-873-5p decreased the relative luciferase activity in mutant 3ʹUTR of CXCL16, compared with miR-NC mimics (P\<0.01; [Figure 2C](#F0002){ref-type="fig"}). However, there were no significant changes between miR-873-5p mimics and miR-NC mimics in WT CXCL16 3ʹUTR. These results indicated that CXCL16 is a target of miR-873-5p.Figure 2CXCL16 is a target gene of miR-873-5p. (**A**) The complementary sequences of miR-873-5p binding sites in 3ʹUTR of CXCL16. (**B**) Bioinformatic analysis to illustrate the regulator relationship between miR-873-5p and CXCL16. (**C**) The effects of miR-873-5p on relative luciferase activity were determined by dual-luciferase reporter assay when co-transfection with WT or mutant 3ʹUTR reporter vector. Data are represented as mean ± SEM. \*\*P\<0.01.

CXCL16 Expression Is Upregulated in PTC Tissues and Cells {#S0003-S2003}
---------------------------------------------------------

Then, we detected the expression of CXCL16 in PTC tissues and adjacent normal tissues at both mRNA and protein levels by RT-qPCR and Western blot, respectively. The results showed that CXCL16 expression was higher in tumor tissue than that in matched adjacent normal tissues (P\<0.01; [Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). Moreover, CXCL16 expression was increased in TPC-1 and K1 cells at both mRNA and protein levels, compared with normal cell Nthy-ori3-1 (P\<0.01; [Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}).Figure 3The expression of CXCL16 was increased in PTC tissues and cells. (**A**) The mRNA and (**B**) protein expression in PTC tissues and adjacent normal tissues (n=30) were examined by RT-qPCR and Western blot. The expression of CXCL16 in TPC-1 and K-1 cells at (**C**) mRNA and (**D**) protein levels were determined by RT-qPCR and Western blot, respectively. The protein expression was normalized for GAPDH. Data are represented as mean ± SEM. \*\*P\<0.01.

Overexpression of miR-873-5p Inhibits PTC Cell Proliferation, Migration and Invasion Through Targeting CXCL16 {#S0003-S2004}
-------------------------------------------------------------------------------------------------------------

To evaluate cell proliferation, migration and invasion, TPC-1 and K-1 cells were transfected with miR-873-5p mimics and pcDNA3.1-CXCL16, and CCK-8, wound healing assay and transwell assay were performed in vitro. miR-873-5p mimics significantly increased the level of miR-873-5p in both TPC-1 and K-1 cells (p\<0.01), and the transfection efficiency was shown in [[Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=213168.docx)]{.ul}. The data indicated that overexpression of miR-873-5p decreased cell proliferation, retarded wound healing and reduced the number of invaded cells in both TPC-1 and K-1 cells, while CXCL16 reversed the inhibition induced by miR-873-5p (P\<0.01, [Figure 4A](#F0004){ref-type="fig"}--[C](#F0004){ref-type="fig"}). These results suggested that miR-873-5p suppressed the proliferation, migration and invasion of PTC cells via regulating CXCL16 expression.Figure 4miR-873-5p overexpression repressed cell proliferation, migration and invasion in TPC-1 and K-1 cells, while CXCL16 rescued the repression. TPC-1 and K-1 cells were transfected with miR-NC, miR-873-5p mimics and pcDNA3.1-CXCL16. (**A**) Cell proliferation was analyzed by CCK-8 when the incubation of the cells for 0, 12, 24 and 48 h. (**B**) Wound healing assay was performed to measure the capability of cell migration. The distance of the wound sides was quantified. (**C**) Cell invasion ability was assessed by transwell assay. The number of invaded cells was quantified. Data are represented as mean ± SEM. \*\*P\<0.01.

miR-873-5p Suppresses the NF-κB Pathway and MMP1, MMP9, MMP13 Expression in PTC Cells by Targeting CXCL16 {#S0003-S2005}
---------------------------------------------------------------------------------------------------------

Finally, we investigated the effects of miR-873-5p and CXCL16 on NF-κB pathway and several MMPs expression. Overexpression of miR-873-5p significantly decreased the phosphorylation of p65 and Rel-B, while CXCL16 rescued the reduction induced by miR-873-5p in both TPC-1 and K-1 cells ([Figure 5A](#F0005){ref-type="fig"}). However, miR-873-5p and CXCL16 did not affect p65 and Rel-B protein levels. Additionally, miR-873-5p overexpressing repressed the mRNA and protein expressions of MMP1, MMP9 and MMP13, while CXCL16 abolished these repressions in TPC-1 and K-1 cells (P\<0.01; [Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}). Taken together, these results demonstrated that miR-873-5p targets CXCL16 to suppress the NF-κB signaling pathway and MMP1, MMP9, MMP13 expression in PTC cells.Figure 5miR-873-5p inhibited the NF-κB pathway and MMP1, MMP9, MMP13 expression in PTC cells. (**A**) Western blot analysis of protein expression including p65, p-p65, Rel-B, p-Rel-B, MMP1, MMP9 and MMP13. GAPDH was presented as the loading control. The relative expression of each protein was quantified. (**B**) The mRNA expression of MMP1, MMP9 and MMP13 in PTC-1 and K-1 cells, analyzed by RT-qPCR. Data are represented as mean ± SEM. \*\*P\<0.01.

Discussion {#S0004}
==========

In the present study, it was revealed that miR-873-5p was downregulated in PTC tissues and cell lines. CXCL16, a target of miR-873-5p, was upregulated in tumor tissues and PTC cells. Moreover, overexpression of miR-873-5p has the inhibition effect on the proliferation, migration and invasion by targeting CXCL16 in PTC cells.

Accumulating evidence revealed that miR-873 functions as a tumor suppressor in several human cancers. For instance, overexpression of miR-873 reduces glioblastoma multiforme cell proliferation, migration and invasion through regulating IGF2BP1 expression.[@CIT0013] Moreover, miR-873-5p expresses low in colorectal cancer, and its overexpression inhibits cell migration, invasion and epithelial--mesenchymal transition (EMT) by targeting ZEB1.[@CIT0014] However, there are also studies showed that miR-873 functions as an oncogene. For example, miR-873 promotes the proliferation and migration in lung adenocarcinoma cells.[@CIT0015] Besides, in hepatocellular carcinoma, miR-873 is upregulated in tissues and cells, and knockdown of which inhibits cell growth and metastasis.[@CIT0016] In addition, research about miR-873 have focused on drug resistance, such as mediating cisplatin and paclitaxel combination resistance in ovarian cancer[@CIT0017] and regulating gefitinib resistance in non-small cell lung cancer.[@CIT0018] In our study, we explored the biological roles of miR-873-5p in PTC. The expression of miR-873-5p was upregulated in PTC tissues and cell lines. Moreover, overexpression of miR-873-5p inhibits PTC cell proliferation, migration and invasion. These results suggested that miR-873-5p has tumor-suppressive effects on PTC, consistent with its role in colorectal cancer.[@CIT0014]

CXCL16 is a member of the CXC chemokine family, and the structure of CXCL16 is similar to fractalkine (neurotactin) in having a transmembrane region and a chemokine domain.[@CIT0019] The interaction between chemokines and chemokine receptors is vital in the process of cancer metastasis in most aggressive cancers, such as CXCL16 and its receptor CXCR6.[@CIT0020] CXCL16 is aberrantly expressed in various cancers and could regulate cell proliferation, migration and invasion of the cancer cells. For example, in hepatocellular carcinoma, CXCL16 is highly expressed in cancer-associated fibroblasts than peri-tumor fibroblasts, and it promotes cell migration and invasion.[@CIT0021] Additionally, overexpression of CXCL16 promotes proliferation and migration of schwannomas.[@CIT0022] Furthermore, reduction of CXCL16 inhibits the viability and invasiveness in lung cancer cell lines.[@CIT0023] In PTC, a previous study has reported that treatment with CXCL16 enhances macrophage-mediated PTC cell migration, and blocking CXCL16 signaling attenuates the enhancement.[@CIT0024] However, the biological roles of CXCL16 in PTC remain largely unknown. In the present study, CXCL16 was identified as a target of miR-873-5p. The expression of CXCL16 was increased in PTC tissues and cells. Moreover, CXCL16 could reverse the inhibition on cell proliferation, migration and invasion induced by miR-873-5p. These results suggested that miR-873-5p inhibits the proliferation, migration and invasion in PTC cells by targeting CXCL16.

NF-κB signaling pathway is activated in various types of cancers, which could promote tumorigenesis.[@CIT0025],[@CIT0026] P65 and Rel-B are two critical members of the NF-κB family. It was reported that NF-κB activation is a benefit to PTC tumor growth and aggressiveness.[@CIT0027] Furthermore, a previous study revealed that silencing of CXCL16 suppressed proliferation and invasion of lung cancer cells through regulating NF-κB pathway.[@CIT0028] MMPs are associated with the development of caners, through which extracellular matrix degradation, and cell invasion and metastasis were enhanced.[@CIT0029],[@CIT0030] Additionally, in the early stage of tumorigenesis, MMPs may also modulate angiogenesis.[@CIT0031] In this study, we explored the effects of miR-873-5p and CXCL16 on NF-κB pathway and several MMPs (MMP1, MMP9 and MMP13) expression. Overexpression of miR-873-5p suppressed the NF-κB pathway and MMP1, MMP9 and MMP13 expression in PTC cells, while CXCL16 reversed this suppression. The data suggested that miR-873-5p inhibits PTC cell proliferation, migration and invasion by targeting CXCL16 through inactivating the NF-κB signaling pathway and repressing MMP1, MMP9 and MMP13 expression.

Conclusion {#S0005}
==========

MiR-873-5p functions as a tumor suppressor in PTC, andCXCL16 is identified as a target of miR-873-5p. Importantly, overexpression of miR-873-5p inhibits the proliferation, migration and invasion through suppressing NF-κB signaling pathway and MMP1, MMP9, MMP13 expression by targeting CXCL16 in PTC cells. These findings suggest that miR-873-5p might be a potential new target for PTC.
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